The centrality dependence of the antiproton per participant ratio is studied in Pb(160 AGeV)+Pb reactions. Antiproton production in collisions of heavy nuclei at the CERN/SPS seems considerably enhanced as compared to conventional hadronic physics, given by the antiproton production rates in pp and antiproton annihilation in pp reactions. This enhancement is consistent with the observation of strong in-medium effects in other hadronic observables and may be an indication of partial restoration of chiral symmetry.
One of the goals of relativistic heavy-ion research is the exploration of the phase diagram of hot and dense nuclear matter [1, 2] . Abundances and ratios of hadrons produced in these collisions have been suggested as possible signatures for exotic states and phase transitions occurring in the course of the reaction [3] [4] [5] . E.g. strangeness and antibaryon enhancement due to gluon fragmentation intopairs [5] . Bulk properties like temperatures, entropies and chemical potentials of highly excited hadronic matter have been extracted from high energy heavy ion data assuming thermal and chemical equilibrium [2] [3] [4] [5] [6] [7] [8] . However, despite the recent announcement of circumstantial evidence for the formation of a quark gluon plasma (QGP) at the CERN Super-Proton-Synchrotron (SPS) [9] , unambiguous signals of a phase transition into an equilibrated QGP state are still missing.
The variation of hadron ratios involving anti-baryons as a function of centrality has been proposed in [10] as a method to distinguish equilibrium from non-equilibrium scenarios. In models based on the assumption of thermal equilibrium (e.g. in thermal models or hydrodynamical models), the particle ratios are only sensitive to the temperature and chemical potentials at the freeze-out stage of the reaction. If the freeze-out criterion is universal, the ratios are are completely insensitive to any dynamical quantities, e.g. the centrality of the reaction (in the extent one assumes the same baryon densities and temperatures at freezeout). Microscopic transport theory, however, is not constrained by equilibrium assumptions.
It is used to describe the full reaction dynamics, from the early non-equilibrium reaction stages up to hadronic freeze-out. On the other hand, the centrality dependence of hadron ratios provides a sensitive tool to probe the extent at which these ratios are described by a purely hadronic picture or by the invocation of more exotic pictures such as the formation of a QGP phase or partial chiral symmetry restoration. Thus, the centrality dependence of hadron ratios may provide a sensitive tool to probe the extent of the creation of a chemically equilibrated phase in collisions of heavy nuclei and distinguish different reaction scenarios.
The recently published data by the NA49 collaboration on the ratios antiprotons per participant as a function of the number of participants [13] indicate a constant enhancement of anti-proton production as compared to pp results over the whole range of centralities considered. The differences in the predicted centrality dependence among the discussed models as compared to data can be investigated to identify whether we observe an enhanced production of antimatter or a suppressed annihilation of antibaryons at CERN/SPS.
For our investigation we employ the Ultra-relativistic Quantum Molecular Dynamics model (UrQMD) [14] . UrQMD is a microscopic transport model with hadronic and con- In line with data, the string model shows a strong increase of antiproton production with collision energies starting from a threshold of 4m proton . At higher energies, the production cross sections levels off at p multiplicities of 0.1-0.2. However, the antiproton production will increase further at even higher energies, when the double antibaryon-baryon channels become populated.
In massive nuclear collisions, however, not only the production of antiprotons must be treated, but also antibaryon absorption can be important. In UrQMD the antiproton annihilation is modeled via the annihilation of quark-antiquark pair and the formation and subsequent decay of two color flux tubes with baryon number zero (for details see [14] ). Fig.   2 confronts the UrQMD implementation of the antiproton-proton cross sections as a function of center of mass energy with experimental data [11] . The full line shows the total pp cross section (data is shown as squares), the dotted line shows the elastic cross section (data as triangles) and the dashed line depicts the annihilation cross section in UrQMD. In addition, the small inlay gives a detailed view of the cross sections from 2m proton to √ s = 2 GeV.
This region is of special interest, since the antiproton absorption strongly increases towards low center of mass energies. Overall, a reasonable description of the antiproton-proton interactions over the energy range √ s ≤ 5 GeV (most relevant for SPS) is obtained within the UrQMD model. Note that the sum of the annihilation cross section and the inelastic cross section is smaller than the total cross section. The difference ∆σ = σ total − σ elastic − σ annih.
is assumed to be a pure inelastic cross section in pp in analogy to pp.
Let us now turn towards the dynamics of nucleus-nucleus collisions at 160 AGeV. In going from peripheral to central collisions the lack of A part dependence in the p/A part ratio seems surprising. However, the UrQMD model calculations underestimate the data by a factor of 3! Considering the 50% overestimate in the elementary production channel ( Fig.   1 ) this drastic deviation can only be explained by 1. strongly enhanced production, 1 The number of participating nucleons in this paper is defined as: 
strongly suppressed annihilation.
Within the UrQMD model, we are able to further investigate the cause of this behavior:
since the elementary production and absorption cross sections are in line with the data, we expect one of the following scenarios to take place in AA collisions:
• A suppressed antiproton annihilation in dense matter, e.g. due to pion clouds which prevent annihilation. Such a screening effect has been speculated upon by [15] .
• An enhanced production of antiprotons in AA, compared to pp extrapolations. This has been predicted by [5, 16] as a signature of a QGP phase transition. It is interesting to note that studies by Koch et al. [5] and Ellis et al., [17] predict a factor 2.5 − 10 enhancement of the antibaryon production due to QGP formation. This p source is also in line with recent measurements on the (anti-)hyperon enhancement in AA [18, 19] . A remark here is in order: As stated above, the flat enhancement of p/A part as compared to pp results at all centralities is amazing. If the observed enhancement in the data is explained by the transition to the QGP, the same data indicate the formation of the QGP even in peripheral collisions (or in the smaller Sulphur-Sulphur system) where the formation of such a state seems less favourable due to the lower energy-and baryon-densities reached in these collisions.
To study the influence of these effects -and possibly distinguish between them -we alternatively incorporate the above mentioned effects into UrQMD and compare the results to the default scenario and the data. In order to test the deconfinement hypothesis, we perform a calculation with full antiproton absorption, but with an enhanced p production cross section. Normally, one might think to enhance the cross-section smoothly from the pp cross-section at peripheral reactions to some large value for central collisions. In the present study, we chosed a constant enhancement, adjusted to the most central collisions. This scenario, shown as open triangles in Fig. 3 , leads to a flat p/A part ratio as function of centrality, in line with the data. This increase in antiproton production is due to an increase of the string tension by a factor of 2.6. This increase of the string tension results in an enhanced di-quark -anti-diquark production probability due to the Schwinger formula:
leading to an increase of the diquark 'suppression' parameter 2 γfrom 0.1 to 0.4. This spectecular increase of the string tension has recently been employed to reproduce the observed (anti-)hyperon enhancement at SPS energies [19] . It is consistent with the assumption of the onset of partial restoration of chiral symmetry which might lead to a decrease of the constituent quark masses towards current quark masses. The increased string tension can be alternatively motivated by the assumption of overlapping color flux tubes ("ropes"). Such superposition of the color electric fields can yield enhanced particle production [20, 21] . In particular, heavy quark flavors and diquarks are dramatically enhanced [21] [22] [23] .
2 To be very specific: The light quark mass used in UrQMD is m q = 0.223 GeV and the diquark mass m= 2m q , the string tension is κ = 1 GeV/fm = 0.2 GeV 2 , resulting in γ= 0.095. These values provide a reasonable description of the p production in pp as demonstrated above. However, to describe the AA data, γneeds to be enhanced to 0.4. Using Eq. 1 this leads to an effective κ
Thus, an increase in the string tension by a factor 2.6.
While there seems to be a strong enhancement of the antiproton production established, which causes the observed centrality dependence of the p/A part ratio, the exact cause of the enhancement remains ambiguous: several different mechanisms can lead to enhanced antiproton production: overlapping color flux tubes, QGP formation, reduced hadron masses due to partial restoration of chiral symmetry and multi-particle interactions at high densities, e.g. πππππ → BB. The absence of the latter type of processes in the UrQMD model (and in all other hadronic and string models, e.g. HIJING, RQMD, VENUS, etc.) leads to a violation of detailed balance. It yields significant deviations from the expected properties of an ideal hadron gas in the equilibrium limit of UrQMD (infinite volume and infinite time at fixed energy density) [24] . It is demonstrated that the measured data are consistent with an enhanced production cross section of p's in nucleus-nucleus collisions. The study of the anti-flow of antiprotons can give a definitive answer on the antibaryon absorption cross section in hot and dense matter.
